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Uso eer Gah 


A pressure survey of the cavity (vlenum chamber) was 
momowetea onwtune MR-3 Surface Effect Ship (SES) Testcreaft. 
The lowest pressures were observed at 15 knots, and the 
highest pressures at 21 knots. Pressure variations with 
velocity were observed to be Similar in all cases, with a 
pressure decrease from 12 to 15 knots, an increase from 15 
to 21 knots, a fluctuation and slight decrease from 2l to 
@e knees, and a decrease from 24 to 26.5 knots. All 
pressures have been plotted to show graphically the pressure 
Variation versus velocity and position within tne plenum 
chamber from bow seal to stern seal, and from port side to 
Starboard side. The shave and gradient of pressures was 


observed to vary directly with velocity. 
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I. INTRODUCTION 


The KR=3 Surface Effect Shiv (SES) Testcraft, shown 
in Figure (1), nas been utilized for extensive verformance 
testing since its construction in 1965, and subseouent 
Peemstier to the Naval Postgraduate School in March, 1970. 
Tests conducted have included lift and drag relationships, 
velocity and drag relationshivs, and a orevious evaluation 
of plenum chamber vressures. (Ref. 1) 

In March, 1973, a modification was comnleted on the 
MR-3 (Ref. 2), A fourteen channel tave recorder and its 
associated eauinment were installed, and the craft's seals 
were improved. The seal modification involved a removal 
of the original seals and a renlacement with flexible, 
@ir-fitled seals. Previous tests had shown that the more 
flexible seals would allow a more constant maintenance of 
contact with the water, and as a result, steadier pressure 
within the olenum chamoer. The vlenum chamber pressure 
could also be varied and maintained with fewer blowers than 
Witn the original design. The single aft blower is used to 
pressurize the aft seal, two olowers pressurize the forward 
seal, and the remaining two deliver air directly to the 
Savity (plenum chambser) under the craft. 

Performance testing since the time of instailation of 
the new seals and of the automatic data-recording eauinment 


Taos LO ceter tne ObtLirem seal nosition as well as to 


re-evaluate previously measured lift end drag voarameters. 


~ 





The amount of vressure within the sesls has been varied 
pemeemtemett7ecc On perlormance recorded. Future testins is 
planned to evaluate the dynamic forces acting on the seals 
and transmitted to the hull. 

In Mareh, 1975, instrumentation and vressure-measuring 
eauipment was installed to permit recording of the vressures 
within the plenum chamber. Once a total vressure survey 
had been comoleted, it was honed to determine the effect of 
velocity on the measured vressures, if any, as well as to 
Meesent greaviically the relationship of welocity versus 
pressure and location. Pressure measurements were taken 
from the nort sidewall to the centerline and from just aft 
of the bow seal to just forward of the stern seal. 

All testing nas been performed at Lake San Antonio, 


100 miles south of Monterey, California. 
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FIGURE (1) 
XR-3 SCHEMATIC 





Pee ae OPPs PROBLEM 


The XR-3 is a blunt-nosed vessel having a length of 24 
feet, a beam of 12 feet, end weighing approximately 5350 
Bemads. it utilizes five small four-cycle gasoline engines 
memarive five lift fans. Air from the fans is ducted to 
both the bow and stern seals and to the plenum chamber. 
Through use of the ducting the bow and stern seals are 
pressurized end thus ferced to ride on the surface of the 
water. Two forty-horsenower outboard motors are used to 
orovide propulsive vower. One motor has been reworked to 
aaeliom the oropellor to rotate in a direction counter to the 
mPeudvlon Of the vropellor of the onposite motor in order to 
Minimize the thrust vector variations and to reduce cavita- 
meron . 

For tyvical test runs, the data-recording eouipment was 
installed and calibrated, the fan motors were started, the 
fans engaged, and vressure was suvvlied to the bow seal, 
stern seal, and the vlenum chamber. Once this overation had 
been comvleted Berisenc cers Ly. the trailer was placed in the 
water, and the XAR-3 allowed to float off. At this time the 
outboard motors were started end allowed to warm to over- 
ating temverature. ‘\/hile on the cushion, the XR-3 has an 
eecerior draft of from 6to 10 inches, Gicmaitarmitemior drait 
meet cO 2c incnes. If the pressure in the plenum chamber 
were to be lost once the craft is in the weter, water could 


enter the tubing used for pressure measurement, wlthough tne 


18, 





XR-3 would experience no difficulty. Once under rnower the 
AR-3 was eccelerated slowly, and at 3 to 4 knots a wave 
formed in front of the stern seul. A bow wave formed ahead 
of the bow seal at anoroximately 6 to 7 knots. At about 
half tnrottle this bow wave was overridden, and the craft 
was observed to eccelerate rapidly. This transition 
occurred at approximately 11 knots and was accomplished by 
a large reduction in drag and the power recuired for onera- 
mon. 

Pressures within the vlenum chamber were evaluated in 
mies remre of 12 to 26.5 knots. In this sneed range, the 
ZR-3 is sunvorted bv the aerostatic lift from the fans, 
hydrostatic lift on the sidewalls, and hydrodynamic lift 
generated by the sidewalls and seels due to the forward 
Velocity. Pressure variations with velocity and position 
within the plenum chember are renresentative of tne opera- 


tine range of the XR-3. 





III. EXPRERINENTAL PROCEDURE 


Pressures within the plenum chamber of the XR-3 were 
measured through tne use of 1/8-inch inside diameter 
plastic tubing, two electrically operated selector boxes, 
two manually controlled, electrically onerated scanner 
valves, a oressure transducer, a Sirsnal amplifier, and the 
automatic data-recordine eouipment. Fiesure (Z2) is a general 
outline of the plenum chamber and seal position. Figure (3) 
shows the experimental avvaratus used. Figure (4) shows 
the area of the plenum chember used for vressure tap loca- 
tions during the various test runs. Calibration of the 
pressure-measuring equivment was accomvolished bv use of a 
U-tube water manometer, and the amplifier output was set to 
allow a pressure of 50 wounds ver souare foot (PSF) to be 
mepresenecd by 1.COOQ volts D.C., i.e., 1 millivolt eoualling 
OF05 PSF. 

Once the reliability of the pvressure-measuring eguiv- 
ment had been ascertained and XR-3 familiarization runs had 
been completed, a series of test runs was verformed in : 
order to collect pressure data. All test runs were made 
with the pressure pick-up points located in three fore-and- 
aft rows, from the port sidewall to the centerline, and from 
just aft of the forward seal to a location 40 inches aft of 
the bow seal. Pressure nickuvswere located on one side of 


mie Cratt because nrevious tests had indicated that the 


pressure distribution was symmetrical. Initial pick-up 





iecaciememext to the nort sidewall ("*" Row) started eight 
incnes aft of the bow seal and continued at eivht-inch 
intervals to 40 inches aft. Pick-un locations halfway 
between the vort sidewall and centerline of the KR-3 
('"Btt Row) started four inches aft of the bow seal, and 
Gomeinwed at four-inch intervals to 40 inches aft. Pickup 
locations on the centerline of KXR-3 ("C"' Row) started eirht 
inches aft of the bow seal, end continued at eivht-inch 
intervals to 40 inches aft. The XR-3 was accelerated to 
12 knots and allowed to stabilize. Once stabilized, the 
series of pressure readings was taken by onrerating the 
selector boxes controlling the scanner valves. As each 
position was selected, a time interval of 30 to 45 seconds 
was allowed to elanse in order to minimize any trensient 
pressures, and a voice recording would state which vressure 
tap was currently veins measured. The pressures summarized 
and vlotted were those observed for each station at the end 
of the time interval and the simultaneous voice recording 
on the tape. Pressure measurement was continuous; manual 
control of the selectors and observation of the specified 
time interval allowed a reliable pressure survey. The test 
runs were repeated for velocities of 15, 18, 21, 24 and 
eO.5 knots. 

The second series of runs followed an identical format, 
With the "A", "B". and "C" rows staying at the same lateral 
position as described previously. The distance aft of the 
bow seal did chance, however. Each row started at 16 


mme@ies aft and continued to 150 inches aft; the number and 





spacing were identical: 5 pick-up voints located at 16 
inenes, 60 inecnes, 100 inches, 145 inches, and 160 inches. 
Data were teken in a manner similer to that described for 
tne forward section of the plenum chamber. 

On the third series of runs, pressure data were taken 
of the aft section of the nlenum chamber, forward of the 
Seeueseal. The “A, YB", and "C" row location remained the 
same. Five pressure pickups were vositioned in the "A" and 
"Cc" rows (vort sidewall and XR-3 centerline) located from 
Mersinenes ait of the bow seal to 156 inches aft, at inter- 
vals of eight inches. The "B" row (halfway between the 
port sidewall and xXR-3 centerline) contained 10 vressure 
pickups and extended from 124 inches aft of the bow seal 
mo JOO inenes aft at intervals of four inches. The test 
velocities and stabilization time between pressure readings 
were identical to those used during the first and second 
series of tests. 

Three or four runs were made at eacn velocity and each 


vickup setting and the results avereged. 
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IV. PRESENTATION OF DATA 


Pressure data satnered during the series of test runs 
have been tabulsted ¢s well as vlotted franhically. The 
tables are arranged as follows: Table I is a summary of the 
pressures observed in the forward section of XR-3 at the 
stated test velocities and pressure tap locations. The 
@aree sections ( Rows ™A", "BY, and "C") of the teble are 
M@oeted as Fisures 5, 6, and 7, resvectively. Table II is 
a summary of the pressures ohserved in the full length of 
the ovlenum chamber of XR-3. The three sections (Rows "A", 
me" amd "C") are plotted as Figures 8, 9, and 10, respec- 
tively. Table III is a summary of the vressures observed 
ma @ie ait section of XR-3. The three sections (Rows "A", 
mer, and “C") are plotted as Figures 11, 12, and 13, res- 
meetavely. Figures 14, 15, 16, 17, 18, and 19 are graphical 
presentations of the pressures observed throughout the full 
Wenmeth of AR-3. Only the voressures on the port side of 
KR-3 were observed. Pressures on the starboard section are 
assumed to be identical. Each graph is plotted at one test 
velocity only, and allows an analysis of the pressure varia- 
tion and shave of the air cushion at that test velocity. 
Paeure i4 corresponds to 12 knots, Fipure 15 to 15 knots, 
SEC . 

The pressure survey of the forward section shows the 
iemess Dressures to exist at 15 knots, and the highest 


Pee oUGecwau 2l knpts. An exception exists in the "B" row 


1 





(halfway between the port sidewall and the centerline) in 
gmap the hignest pressure is recorded at 26.5 knots. This 
row also shows the greetest pressure fluctuation with dis- 
tance aft of the bow seal. The pressure variation with 
velocity is the same for all rows: a decrease from i2 to 15 
knots, an increase from 15 to 21 knots, a slight decrease 
Pom@ectuation in the case of the "B" row) from 21 to 24 
knots, and a decrease from 24 to 26.5 knots. 

The oressure survey of the full length of the plenum 
chamber snows the same variation of vressure with velocity, 
and the "A" row (port sidewall) shows a pressure drop and 
fluctuation just forward of the stern seal. 

Tne vressure survey of the aft section of the plenum 
chamber shows essentially the same traits and variations 
as that of the forward section. There is no evident de- 
crease in pressure at the sidewall or centerline in the area 
of the seal, but there is a drov in pressure in the area 
just forward of the aft seal, nalfway between the port side- 


Mae and the centerline. 
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V. CONCLUSIONS 


The low pressures observed at 15 knots are related to 
the transition of AR-3 to its range of cruise speeds. There 
is an evident escave of air at this velocitv, caused as the 
craft overrides the bow wave completely. The highest 
pressures observed at 21 knots are felt indicative of XR-3's 
boremum Crugse velocity, and™correspond to minimum pressure 
oss m@eeiMemoeessure droo at} 26.5 knots would logically be 
caused by pumoing due to the ravid water flow through the 
plenum area and by seal oscillations allowing a hirh cyclic 
venting of pressure. This was espvecially observed in the 
"BM" row (halfway between port sidewall and centerline). 

The port sidewall area has vressures approximating the 
average vressure of the plenum chamber, as does the center 
section of the aft seal. This is thought to be caused bv a 
better contect of the center section of the seal with the 
water. The area of the plenum chamber just aft of the 
forwerd seal is observed to lose a slight amount of vressure 
across the width of the nlenun. This is thought to be 
caused by cyclic motion of the seal as it traverses the 
typical small waves of the lake, as well as by a venting at 
each side due to incomnlete contact with the sidewalls. 
A. SUMMARY OF CONCLUSIONS 

1. The hignest pressures were observed at 21 knots, and 

the lowest pressures at 15 knots, with the excention of 


the area between the port sidewall and the centerline. 


In this area, pressures were a maximum at 26.5 knots. 
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See Geo eUre Variation witn velocity was the same in all 
eo Co eomanoouei rom i2 to 15 Knots, an increase from 15 to 
21 knots, and a decrease from 21 to 26.5 knots. 

3. The area of the plenum chamber just aft of the for- 
ward seal is observed to lose a slirht amount of pressure 
tnroughout, most likely caused by venting between the 
seal and the sidewalls. 

#. The area of the plenum chamber just forward of the 
aft seal exhibits a pressure dron between the port side- 
wall and centerline. The sidewall maintains the vlenum 
pressure, as does seal contact and water flow at the 
centerline. 

5. The random variations of the forward section, "B" 

row ( halfway between port sidewall and centerline ), are 
indicative of a water and air pressure interaction of 
some sort. Vet eclieat this time to be due to the 
existence of a wave within the nlenum chamber, formed 
througn a combination of air vressure and velocity when 


the XR-3 is underway. 
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